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METHOD AND DEVICE FOR FILTERING 
LEUCOnVPR-CONTATMTN^ T.TQHTD 



CIAIMB; 

!• A method for filtering leucocyte-containing liquid throuqh a 
leucocyte-removing filter comprising a flexible container having an 
inlet and an outlet for the liquid, and a chcct-likc filter material 
for removing leucocytes, which separates the inlerioi uf said 
container into an inlet-side compartment and an outlet-side 
compartment, said leucocyte-containing liquid being fed into said 
filter through said inlet at a high flow rate under pressure, 
characterised in that the thickness of said leycocyte-removing filter 
is restricted by disposiny a pair of volume-restricting piateg on the 
inlet side and the outlet side of said flexible container, 
respectively, that paid volume-restricting plates are provided on at 
least one surface contacting the outer surface of the outlet side of 
said container with a plurality of grooves exLendiny toward said 
outlet of said leucocyte-containing liquid, and that the depth of each 
of said grooves is greater than 3 mm. 

2. The method according to claim 1 wherein said leucocyte- 
containing liquid is fed at a pressure between 100 mmhq and 400 mmBq 
into said leucocyte-removing filter. 

3. Thfc method according to claim 2 wherein the flow rate of oaid 
leucocyte-containing liquid ia from 50 mL/min. to 200 mL/min. 

4. The meLhod according to one or claims 1-3 wherein said grooves 
occupy the surface area of said vnl.ump-rastricting plate at a ratio 
relative to said surface area from 0.30 to 0,57, 

5. Tho method according to one of claim* 1-4 wherein the width of 
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said qroove is from 3 nun Lo 15 mm. 

6. The mfifchrtd according to one of claims 1-5 wherein the spacing- 
apart distance between adjacent grooves is from O.R mm to 10 nan. 

7. The method according to one of claims 1-6 wherein the depth of 
said groove is not qreater than 6 mm. 

8. fhe method recording to one of claims 1-7 Wherein the distance 
between the pair of volume-restricting plates disponed on the inlet 
side and outlet side of said container, respectively ie from minus 3 
mm to plus 5 mm of the thlcKness of said leucocyte-removing filter. 

9. A volume-restricting plate for use in the filtration of 
leucocyte-containing liquid through a leucor.yte-removing filter 
comprising a flexible container having an inlet and an outlet fnr 
liquid, and a sheet-like filter material for removing leucocytes, 
which separates the interior of said container into an inlet-side 
compartment and an outlet-side compartment, said leucocyte-containing 
liquid being fed into eaid filter through said inlet at a high flour 
rate under pressure, characterized in that said volumc-rcetrieting 
plate has an opening for passing said inlet or outlet therethrough, 
and a plurality of grooves extending toward said opening each having 
a depth grater than 3 mm. 

10. h device for filtering leucocyte-containing liquid comprising 
a flexible container having an inlet and an outlet for liquid, a 
sheet-like filter material for removing leiir.or.yteR which separates 
said container into an inlet-aide compartment and an outlet-side 
compartment, and a pair of volume-restrictiny plates disposed on the 
inlet Fi.de and the. outlet side of said container, respectively, 
characterized in that eaid pair of plates have an opening for pa.psi.ng 
said inlet and outlet therethrough, at least one plate placed on the 
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outlet side Is provided with a plurality of grooves having a depth 
greater than 3 mrn attending toward said opening, antj th*t said 
lcucocytc-oontaining liquid is fed through said inlet at a high flow 
rate under pressure. 

PETAILBD DESCRIPTION OP THE TKVRfJTION 
[Field of The Invention] 

This invention relates to a method for filtering leucocyte- 
containing liquid for removing unwanted components such a? leucocytes 
and blood clots using » leucocyte-removing niter, specifically, it 
relates to a method for filtering leucocyte-containing liquid through 
a leucocyte-removing filter at a high flow rate uelng a pump wherein 
volume expansion of the filter is ret>tricte4 by clamping the filter 
hfit.vfifin a pair, of volume-restricting, plates to Jceep the thickness of 
the filter adequately to ensure a constant, liquid flow. 

[Prior Art] 

It has become popular to transfuse various blood preparations 
after removing leucocytes therefrom. This is because leucocytes are 
main causo of relatively non-severe pidc eff ecte of transfusion such 
as headache, vorpiting/ ague and non-hejuulylic pyrexia, or severe side 
effp.cts such as alloantigen sensitization, virus infection and post- 
transfusion GVHD. ■ • 

Leucocyte removal is carried out using cither centrifugal process 
in Which blood is separated into various component* depending on the 
differp.nnp in spp.ni.f1c gravities or filtering method in which 
leucocytes arc removed by filtering blood through a fibrous or porous 
filter element. The filler iny process is now widespread because it ia 
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excellent in leucocyte removing performance;, simple m use and cost 
ef f eotive . 

The filtering proccsc been often performed on. bed side in the 
past, but has beta performed centrally in recent years at blood banHe 
before storage to ensure high quality control and high removal raLe 
of leucocyte-free blood preparations. 

The leucocyte f iltors widely used in the p*st comprises a rigid 
container such as made of polycarbonate and a filter element made of 
nonwoven fabric or a porous material placed in the rigid container. 
The filter of this type has a problem that the filter is hardly 
euscoptiblc to autoclaving for sterilization simultaneously with the 
bluod collecting and reparation set because of low gas-permcability 
of the riqld container. In the closed system, the filter is 
centrifuged together with the blood collecting and separating set. 
Therefore, there exist risks that various bags and conduits nnuld be 
damaged during the centrifugation or the rigid container itself couid 
be broken by a stre^p created by the centrifugation . 

in order to overcome these problems, a flexible leucocyte filter 
has been developed by producing the filter container from a flexible* 
material. 

When filtering blood through such a leucocyte-removing filter, a , 
blood bag containing blood to be filtered is placed about 10 U cm above 
the filter and blood ic allowed to flow through the filter by the 
yravliy. Recently a ne*d arises in the market for a leucocyte filter 
which enables the filtering process to be performed in a shorter 
period time. Consequently, * process has been studied in which blood 
ic fed into the filter at a high flow rate by pressurising the blood 
using a pump. When conducting this process, the inlet side- 
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compartment of the niter will Inflate largely due to the resistance 
of the filter material which, in turn, tencte to peel off the seal 
between the flexible container and the filter material resulting in 
the breakdown of the filter. 

In order to prevent the breakdown of the filter, wo 90/15660 
disclose* to place the filter in a reinforcing frnv or cover having a 
volume less than the volume of the flexible container as inflated. 
When the filler is placed in the reinforcing box and blood is forced; 
into the filter under pressure via a pump, however, the sheet-lik* 
filter matnrial. is pushed against the flexible container on the outlet 
eide du£ to the flow resistance and the pressure loss of the filter 
N4teri*l. This results in abutment of the filter material ag;*inct the 
container wall to block flow of blood through the filter. 

jp-a-2001149444 discloses a rigid holder for receiving a filter 
comprising a flexible container. In order to prevent abutment of the 
flexible container, the inner surfaces of the rigid holder are 
provided with a plurality of rib? each having a 1-3 mm height and 1-3 
mm width with a rib-to-rib distance of 2-6 mm. We have tried this 
rigid holder in a high flow rate filtering using a pump and found 
that the ribs do not create spaces between the container wall and the 
rigid holder sufficient to allow flow ol bluud when pressurized. 

In order to dissolve the problem of adhesion of filter, varous 
measures have been disclosed including insertion, of plastici2ed PVC 
tubes called "spacing rods" between the filter element and the outside 
part of flexible container (W 05 26678), forming uneven 
ronf jguratinn on the inner surface of the. container ( JP-A-1126179 ) , 
and insertion of a eoreen of knitted fibers (WO 95/17236). When these 
filters were placed in the reinforcing box disclosed in WO 90/15660 or 
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the holder disclosed in jp-a-200U49444 and used for filtering blood 
at a high flow rate using a rump, the filter material wa6 ad&ered 
against the container wall on the outlet side so that a space 
sufficient to allow flow of blood between the filter material an4 the 
flexible container was not created. 

Provision of uneven configuration on the inner surface of the 
container disclosed in JP-A-1126176 was effective when blood wap 
allowed to flow by the gravity but not effective when blood wa3 
pressurized by a pump. 

[Problem to be Solved] 

The object of the present invention is to polve the above 
problem. Namely, the present invention enables in the filtering 
process of blood through a leucocyte filter comprising a flexible 
container at a high flow rate under pressure u?ing a pump to" 
accomplish 1) reduction in pressure lose during filtration to achieve 
high speed filtration, and 2) improvement in efficiency of leucocyte 
removal, simultaneously. 



[Solution] 

we have found that the above problem may be solved by the present 
invfintinn whi.rh provides a method for filtering leucocyte-containing 
liquid through a leucooyte-removing filter comprising a flexible 
container having an inlet and an outlet for the liquid, a sheet-like 
filter material for removing leucocytes Which separates the interior 
of said container into an inlet-side compartment and an outlet-side 
compartment, aaid leucocyte-containing liquid being fed into eai<? 
filLe; ihruuyh said inlel at a hiyh fluv* idle under pressure. The 
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method is characterized In that tl*e thickness ul said filter is 
restricted between a pair of volume-restricting plates disposed on 
the inlet aide and the outlet (side of said container, respectively, 
that at least one volume-restricting plate disposed on the outlet cido 
is provided on the face contacting the outer surface of the flexible 
container with * plurality of grooves extending toward said outlet, 
s*nd that caoh of caid grooves has a depth greater than 3 mm. 

According to the present invention, it is possible to reduce 
pressure loss and enhance leucocyte-removing efficiency in pressurized 
feeding of blood by providing a pair of said volume-res tnctinq 
plates* outside the flexible container. 

The present invention also relates to the volume-restricting 
plate having a plurality of yrouves for use in the above filtering 
method and a filtering cevice incorporating said .volume-restricting 
plate - 

(Prefened Embodiments of The Invention] 

Now the present invention will be described in detail. 

The term "leucocyte -containing liquid" used herein refer? to 
whole blood, red blood cell preparations, platolot preparations;, 
plasma preparations and other blood preparations wntaining 
leucocytes. 

The term p leucocyte-removing filter" as used herein refers to a 
filter comprising a flexible container having an inlet and an outlet, 
and a sheet-like filter material separating the interior of the 
flexible container into an inlet-side compartment and an outlet-side 
compartment. Any known filters of the above type may be used in the 
present invention including, for example, those disclosed in JP-A- 
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6335516, JP-A-7M57952, JP-A-85U7U00 , Jf-A-11216179 , EP 0526678 and WO 
90/15660, Aa the cheet-like leucocyte filter material, fibrous 
materials such as nonwoven fabric produced by the melt flow process, 
flush spinning process or web making proceb*, or porous body (sponge) 
op porous membrane having continuous pores may be mentioned. I" ease 
of fibrous material, the fiber may be poiyamide, polyester, 
polyacrylonitiil , polytrif luoroothylene, polymethylmethacrylate , 
polystyrene, poiyetftylene or polypropylene. The ribrous substrate may 
consist of fibers having a uniform diameter or mixed fibers having 
varying diameter c ae disclosed in WO 97/23256. In this case, the 
average diameter of mixed fibers ia preferably from 0.01/im to 3.0 ;/ 
m. 

The porous body or membrane may be made from polyaciylonitrile, 
polyeulfone, cellulose acetate, polyvinyl formal, polyester,, 
polyacryiate, polymethacrylatc or poiyurethane. The average P«re siae 
of the porous body or membrane is preferably from 1 m m to 30 m m. The 
filter material may be the substrate as such or the surface of the 
substrate may be modified physically or chemically. The filter 
material to be used in the prcccnt invention includes a single layer 
or multilayers of these substrates. 

In the present invention, pressurized leucocyte-containing liquid 
ic fed into the filter using a blood pump. This h.i:gh flow rate, 
filtration process is distinguished from normally employed process in 
Which the liquid to be filtered in a bag is placed about 100 cm above 
the filter to feed the liquid by the gravity fiow at a flow rate less 
than 50 ml,/min. In the present invention, a blood pump is planed 
between a blood bay and the filter and blood is fed preferably at a 
pressure from 100 to 400 mroaq at a flow rate from 50 to 200 mL/iuln. 
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When feeding blood at a pressure legs than 100 mmHg or a flow 
rate lejss than 50 mL/min., the flow rate of blood passing througn tne 
filter material will be too email to achieve rapid filtration. 
Conversely, when feediny blood dl a pressure greater than 400 mmHg or 
a flow rate greater than 20U roL/min. . hemolysis of important 
components such as red blood cells can ornur. 

The pair of volumc-rcctrioting plates uee4 in the filtering 
method according to the presenL invention define at least one side 
facing the exterior surrace of the outlet side of flexible container a 
plurality of grooves e^ch having a depth of greater than 3 mm 
extending toward the outlet of the flexible contain©*. It is 
preferable to dispose a pair of volume-restriction plate both on the 
Inlet side and outlet side to clamp the filter therebetween. The pair 
of plates may be linked, together in parallel or combined together 
with interposing spacer- The" latter is preferable because the 
distance between two plate? may be adjusted depending on the 
thickness of a particular filter by exchanyiny ths spacer* 

The depth of grooves needs be greater than 3 mm to ensure 
pressurized high flow rate. If the depth is less than 3 mm, the 
container wail will contact the groove bottom £>nd the flexible 
container cannot Inflate to a degree sufficient to retain a space 
between the filter material and the container wall on the outlet side. 
Thic rccultc in greater prcccurc locc during the filtration process 
and decreased flow rate of blood to be filtered. 

The depth of grooves is preferably not greater than 6 mm since 
increase in the groove depth needs for unnftofispary increase in the 
thiclcncsa of the plate accordingly making the handling of the plate 
difficult. A groove depth from 3 mm to 5 mm is preferable. 
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It ijs necessary for at leapt one volume-restricting plate to be 
disposed on the outlet side of the flexible container to define a 
plurality of grooves ostond toward the outlet of the container on the 
face to be contacted with the container wall of the outlet sidle, 
irhese grooves need be continuous so that the liquid in the container 
can flow to the outlet along these grooves. Fnr i.nFtancfi, the 
plurality of groovec can be a radial or vein form. If the groove ijc 
not continuous, stagnant flow of liquid will occur along the groove 
and the filter material is not fully available for filtration. 

The size of volume-restricting plate preferably has an area 
corresponding to at least fiO % of the effective surface area of the 
filter. If the area of the plate is lew than 00 % of the effective 
surface area of the filter, the flexible container will l^ryely 
inflate outside the plate with the danger of burst of thie flexible 
rontainp.r. A volume-restricting plate having a size greater than the 
ciec of ic preferable oincc it preventp ovcrinf lation of the filter 
when pressurized and entices pressure resistance of the filter. The 
material from which the volume-restricting plate is made may be any 
material having a strength sufficient to withstand the filter- 
inflating preeeurc. For example, the material may be a rigid plactio 
material such as polycarbonate, acryl, polys Lyrene, polypropylene or 
rigid pvc, or a metal. 1 

The ratio of the total area of . grooves oh the outlet side plate 
to the effective surface area of the filter, namely the occupancy 
ratio of grooves is desirably from 0.30 to O.97. An occupancy ratio 
less than 0.30 is undesirable bficausa ahnt.mp.nt of tb* filter material 
against the container wall is not well prevented 00 that enough cpaoc 
is not created therebetween when the filter is pressurized. 

1 0 



Conversely i an occupancy ratio greater Lhan 0.97 creates land 
portions having too small width between two adjacent qrooves which 
have a danger of injury of the container wall when pressed against the 
volume-restricting plate. An occupancy ratio from 0.40 to 0.93 and 
from Q.45 to 0.90 is more desirable. 

(The width of the groove If preferably from 3 mm to 15 mm. if the 
width of the groove is lose than 3 mm, the flexible container will not 
inflate to a degree sufficient to retain a space the filter matorial 
and tne container wall. This results in a large pressure loss to 
prp.vftnt a high flow rate of liquid to be filtered. Conversely , if the 
width of the groove is greater than 15 mm, the filter material is 
pushed to abut against the container wall as the container inflates 
and a space allowing sufficient flow of blood is not retained. This 
also results in a larger pressure loss to prevent a. high flow rate of 
liquid to be filtered. A width from 4 mm to .12 mm and from 5 nun to 10 
mm is more desirable. 

The yruove-Lo-groove distance, namely the width of land between 
two adjacent grooves is preferably from 0.5 mm to j.0 mm. if the 
distance is less than 0-5 mm, the area of flexiblft container 
contacting the volumc-rcatrioting plate beoomeis too small arising a 
danger of possible bre&K v£ the flexible container. Conversely, if the 
distance x& greater than 10 mm, the abutting area of the filter 
material against the volume-restricting plate becomes too large . 
resulting in decrease in the effective surface area of the filter 
material and also decrease in the leucocyte removing efficiency due 
to remarkable pressure loss. A distance from 2 mm to B ram and from J 
mm to 7 mm in particular is more desirable. 

The cross-sectional shape of the groove may be rectangular, semi- 
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circular, triangular or any other phapes. 

The spacing distance between the pair or volume-restricting 
plates disposed on t.hfi inlp.t. side and the outlet side is desirably 
from the filter thicKjiccc minuc 3 mm to the filter thickness plus 5 
mm. The Lerm "filLei thickness" as used herein refer? to the filter 
thickness before filtering blood. If the spacing distance is smaller 
than the filter thickness minus 3 mm, it is difficult to nl.amp the 
filter between tho pair of volumc-rcctricting plates due to a large 
repulsing force o£ the filter. If the spacing distance is greater than 
the filter thickness plus 5 mm, a large amount of blood remains in 
thft filter aftp.r thft «od of filtration. The remaining amount of blood 
may be recovered only with complicated! and time-consuming additional 
steps. Moreover/ when the remaining blood is recovered by rinsing the 
filter with physiological saline/ the blood is recovered as a mixture 
with saline resulting in decrease in the recovering efficiency. A 
sp&cing distance from the filter thickness minus, 2-5 mm to the 
filter thicknes? plu? 3 mm and^from the filter thickness minus 2 mm 
to the filter thickness plus 2 mm in particular is more desirable. 

It is preferable to pr0v4.de the plurality grooves not only on the 
f iltor-containing face of the plate disposed on the filter outlet 
side but alpo the filter contacting face of the plate disposed on the 
filter inlet side. J This further decreases the pressure loss and aijso 
enhances the leucocyte removing efficiency of the filter. Setting the 
spacing distance between the pair of volume-restricting plate less 
than the filter thickness is desirable Lo decrease the blood loss 
volume after the completion of filtration. 

[Exainplcc] 
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The Invention will be described in more detail by mafcing 
reference to the following fixamples. However, the scope of the present 
invention ic not limited thereto. 

Example i 

A pair plasticized PVC shftfits having a thickness ot 0.04 cm 
having an opening for welding blood port were prepared. A PVC tube 
having a inner diameter of 3 mm and an outer diameter of 4-2 mm wao RP 
welded to each sheet to produce inlet side and outlet side of a 
flexible container. 

A filter material was prepared by stacking polyester nonwoven 

fabrics as follows. 

(1) 4 6heets of polyester nonwoven fabric e^cli consisting of 
flhp.r? having an average diameter of 12 ilm and having a basis weight 
of 30 g/ra 3 ? 

(2) 2 sheets of polyester nonwoven fabric each consisting of 
fibers having an average diameter of 1.7 ^ m -and having a basis 
weight of 66 g/m* ; 

(3) 22 eheetp of polyester nonwoven fabric each consisting of 
fiber* having an average diameter of 1.2 ^m and having an average 
basis weight or 40 g/m a ; and 

(4) 2 sheets of the same polyester nonwoven fabric as (2), and 

(5) A eheetp of the pa^e polyester nonwoven fabric as (1). 

The resulting stacfc consisting of 34 sheets of polyester nonwoven 
fabric was cut into 130 mm x 130 mm size. Thereafter the stacK wab 
sandwiched between container halves and the assemblage was RP sealed 
along the periphery to obtain a finished leucocyte removing filter. 
The inlet port and the outlet port were placed on the diagonal line 

■ 
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of the square container. The filter thickness was 9,5 nun. 

A blood ptorage bag was connected to the .filter Inlet via a PVC 
tube having an I.D, of 3 mm and an O.D. of 4.2 nun. Similarly, a 
filtrate bag was connected to the filler outlet via the (same PVC 
tube. The PVC tube between the blood storage bag and the filter inlet 
included a Y-site and a digital pressure gaugp. was attached to the Y- 
site. A blood pump was disposed on the TVC tube between tho blood 
storage bag and the Y-site. 

A volumft-rftfitri eting plate to be placed on the inlet side of the 
filter wac acrylic plate having 17 x 17 cm siw having 4 x 4 cm square 
opening' for free passage of blood tube ancj a groove having 5 jnm width 
ajid 5 imn deplh on the filter contacting face so as to not compress 
the blood tube running along the groove. 

The volume restricting platp. to be placed on the outlet side of 
the filter wac the came above except that a groove having 10 mm width 
and 5 mm depth extending to the 4 x 4 cm square opening for the 
passage of filtrate tuhe was defined along the diayunal line of the 
plate nn tha filter contacting face and a plurality of grooves each 
having 10 mm width and 5 mm depth intersecting the diagonal groove ^t 
45 0 were defined throuyhouL the filter contacting face at a groove 
to-groove distance oi 5 mm in a vein pattern. The groove occupancy 
ratio was 0.6.7. 

The leucocyte -removing filter was clamped between the pair of 
volume-restricting plates at a fixed b-paeiny distance of 5 mm and 
oriented horizontally with the outlet side racing downwardly. 

400 mL of bovine whole blood was anti-coagulated with 56 mL nf 
ACD-A (22.0 g/L of sodium citrate, 8.0 g/L of citric acid and 22.0 g/L 
of glucose) and then centrlfuged to remove plasma and buffy coat. The 
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resulting red blood cells were added to a preserving soluUon (22.0 
g/L glucose, 9.00 g/L of NaCl, 0.P7 g/T. of adenine and 7.50 g/l* of 
mannitol) to obtain a red cell concentrate having a hematcrit of about 
60'%. This concent r a be way upud in the experiment after storing at 20 
*C for 20 hours. 

721 g of the concentrate was fed into the Leucocyte-removing 
filtep at a flow r*te of 100 mL/min. and the value of pressure losjs 
and the leucocyte-remuviny elficiency was evaluated- During the 
filtration* the pressure loss was read each 50 g filtrate and the 
maximum pressure loss was recorded. The filtration was continued until 
the storage bag was empty. She leucocyte removing efficiency wa.« 
calculated from the difference between leucocyte populations before and 
after filtration. 

The leucocyte population before filtration was determined by 
diluting the red cej.1 concentrate 10 times, injecting into a rell 
counter and counting the number of loucocytcp ucing an optical 
microscope. 

The leucocyte population or the filtrate was determined as 
follows. The filtrate was diluted 5 times with leucoplate liquio 
(50B0DA) and allowed to stand at room temperature for 6-10 minutes. 
Then, the liquid was centrifuges at 2/750 G for 6 minutes and the 
supernatant was removed to adjust the remaining liquid at 1.02 g. ; 
This liquid vac Injected into a cell counter *nd the number of 
leucocytes was counted using an optical microscope. The amount of 
blood loss was calculated from the balance of weight of the filter 
including various blood tubes before *nd after the filtration. 

comparative Example 1 
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Example 1 was repeated except that the volume-restricting plate 
disposed on the inlet side wa$ used on thfi outlet side of the filter. 
Namely/ both plates did not havo a plurality grooves in a vein-like 
pattern. The groove occupancy ratiu was therefore zero. 

Comparative Example 2 

Example 1 was repeated oxcept that the depth of vein pattern 
qrooves on the filter contactiny face of the plate disposed on the 
out] fit side was 1.5 mm. 

Example 1 and Comparative Esamp.lps l and 2 were repeated 4 times 
using the same pooled red blood cell concentrate. The leucocyt.fi 
population was* from 5,000/;* L to 10,000/^1* before and after 
filtration. The pressure loss was from 200 to 350 mmag. 

The mean pre5surp. : loss and mean residual leucocyte population 
amoiig 4 rune were evaluated in terms of relative ratios to the values 
wl Comparative Example 1. The results are shown in Table 1. 

T^hlfi i. Ratios of pressure loss and residual ieucocyte population 

R^tio of rcei^ual 
Examples Ratio of pressure loss . leucocyte population 

Ex. 1 0-6. ± 0.1 0.6 ± .0.1 

Comp. 1 1.0 1.0 

Comp. 2 0.9 ± 0.1 0.9 ± 0.1 



The above result? demonstrate that Example 1 enables 1) low 
pressure loss and high flow rate, and 2) hiyh leucucyle removing 



1 6 



efficiency to be achieved simultaneously. 
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